^505213 

umHtfWk/FlO / 9 AUG 



114.1007 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Re: Application of: 
Serial No.: 
Filed: 

International Appl. No.: 
International Filing Date: 
For: 



Suzanne Margaret PRICE 
To Be Assigned 
Herewith 
PCT/AU03/00213 
20 February 2003 

IMPROVED METHOD FOR THE ANALYSIS 
OF NUCLEIC ACID SAMPLES 



MAIL STOP: PCT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



August 19, 2004 



LETTER RE: PRIORITY 



Applicant hereby claims priority from Australian Patent Application No. PS 0642 filed on 
February 20, 2002, through PCT Application No. PCT/AU03/00213, filed on February 20, 2003. 



Davidson, Davidson & Kappel, LLC 
485 Seventh Avenue, 14 th Floor 
New York, New York 10018 
(212) 736-1940 



Respectfully submitted, 

DAVIDSON, DAVIDSON & KAPPEL, LLC 




littord JVT. Davidson 
Reg. No. 32,728 





JLUV 5052 18 

PCT/^03/00213 




Patent Office 
Canberra 



I, SMILJA DRAGOSAVLJEVIC, TEAM LEADER EXAMINATION 
SUPPORT AND SALES hereby certify that annexed is a true copy of the 
Provisional specification in connection with Application No. PS 0642 for a 
patent by BIOMOLECULAR RESEARCH SOLUTIONS PTY LTD as filed on 
20 February 2002. 



- ft A-TH •Q p", ... 




WITNESS my hand this 
Tenth day of March 2003 



SMILJA DRAGOSAVLJEVIC 
TEAM LEADER EXAMINATION 
SUPPORT AND SALES 



PRIORITY 
DOCUMENT 



rffcST AVAILABLE COPY 




ORIGINAL 
AUSTRALIA 



P/00/009 28/5/91 
Regulation 3.2 



Patents Act 1990 



PROVISIONAL SPECIFICATION 



Invention Title: "Improved method for the analysis of nucleic acid samples" 
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"Improved method for the analysis of nucleic acid samples" 
Field of the Invention 

The present invention relates to improved methods for collecting and analysing 
nucleic acid samples such as nucleic acid samples of forensic value from crime 
5 scenes. The present invention also relates to databases containing data obtained 
using the improved methods. 

Background of the Invention 

The analysis of DNA and in particular DNA identification is used in many areas of 
research and commercial activity including agriculture, veterinary science, 
10 medicine and forensics. In agriculture and veterinary science, DNA fingerprinting 
is used to identify plant and animal genotypes for breeding and identification 
purposes and in medical science DNA fingerprinting is used for various purposes 
including identification of related individuals. 

DNA fingerprinting has also become an important tool in forensic science and law 
1 5 enforcement. In DNA forensics, DNA isolated from crime scenes can be amplified 
and visualised using techniques such as polymerase chain reaction ("PCR") and 
gel electrophoresis and the resulting fingerprint can be used to place a suspect at 
a crime scene. 

The methods used to analyse DNA, such as PCR amplification, are simple, quick 
20 and highly sensitive so they can be carried out using small samples or samples 
that have been partially degraded. However, the sensitivity of DNA analysis 
techniques also has potential disadvantages. For example, strict contamination 
control is essential when undertaking analysis using PCR as contaminants in the 
starting sample will also be amplified. This is particularly so when the 
25 contaminants are amplicons derived from PCR as these are amplified with high 
efficiency during PCR. Consequently, forensic and other testing laboratories go to 
considerable effort to prevent the contamination of samples during both the 
collection and processing stages. 




When samples are contaminated and the source of the contamination can be 
readily identified (e.g. the person collecting the sample or running the PCR) 
samples can be taken from those individuals and the PCR bands generated by 
that individual subtracted from the test results to correct for the contamination. In 
5 a crime scene where, multiple individuals may be present, most contaminating 
individuals (samples not belonging to the perpetrator/s) can be identified and the 
effects of that contamination eliminated from further analysis. 

However, to date it has not been recognised that DNA samples could be 
purposefully contaminated with the intention of confounding future DNA analysis. 

10 For example, microsatellite PCR amplicons generated by the use of a 
commercially available fingerprinting kit on a standard control or random tissue 
sample (hereafter referred to as "perfect amplicons") could be added to water or 
another solvent and used to contaminate a sample or the area from which a 
sample for future DNA analysis is to be taken. In the example of a contaminated 

15 crime scene, these perfect amplicons would be collected, along with the forensic 
sample during the collection of samples for forensic analysis from the scene. 
These perfect amplicons would be efficiently isolated using current DNA - 
extraction methods widely used in DNA forensics and may be present in a vast 
excess over the DNA of true forensic value from the crime scene. Furthermore, 

20 being short perfect amplicons, they would be amplified with greater efficiency than 
any genomic DNA present. Upon amplification the resulting profile would consist 
almost entirely of the contaminating perfect amplicon DNA. Depending on the 
nature of the contaminating amplicons, the resultant profile may be 
indistinguishable from a real profile, or may render the identification of the genuine 

25 profile of the forensic sample difficult or impossible to determine. 

Although current forensic testing usually uses PCR amplification of selected 
microsatellite regions from the forensic sample nucleic acid, other methods in use 
or development such as mitochondrial DNA sequencing, single nucleotide 
polymorphism analysis, low copy number PCR and other methods known to those 
30 familiar with. DNA analysis methods are also susceptible to this form of 
contamination. 




When not accounted for in the testing process, the potential for contamination of 
this nature compromises the validity of the DNA analysis and substantially limits 
the strength of any conclusions drawn therefrom. For example, crime scenes 
could be contaminated with nucleic acid with a view to confounding future forensic 
5 analysis and limiting the legal value of the DNA analysis results used in court 
proceedings. 

At present, the techniques used to analyse nucleic acid samples for forensic 
purposes do not reliably distinguish between nucleic acids added to contaminate 
the sample and the true target nucleic acids in a sample. Laboratory procedures 
10 currently used are designed to minimise contamination of samples in the 
laboratory and will not be effective in removing contamination when contaminated 
samples are presented to the laboratory for analysis. 

The most common and widely used system to reduce or remove contamination 
with PCR derived amplicons relies on the incorporation of DNA nucleotide 

15 analogues such as deoxy-uracil triphosphate (dUTP) into DNA during PCR 
amplification. However, this method is also designed to prevent laboratory cross, 
contamination and does not address the problems encountered when a sample 
has been contaminated with nucleic acid containing deoxy-thymine triphosphate 
(thymine, dTTP) instead of dUTP. Consequently this method of contamination 

20 control \s easily avoided and is not effective in removing contamination when 
dTTP containing samples are presented to the laboratory for analysis. 

Thus, the present invention seeks to provide methods that deal with the previously 
unrecognised problem of reliably detecting the presence of contamination and 
processing nucleic acid samples that have the potential of being, or have been, 
25 purposefully contaminated to remove the contaminant. 

Summary of the Invention 

The present invention provides a method of analysing a nucleic acid sample 
obtained from a site comprising the step of pretreating the sample to remove or 
inactivate contaminating nucleic acids originating from the site. 
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The present invention also provides a method of screening a nucleic acid sample 
for contaminants that have been purposefully introduced into the sample, the 
method comprising the step of treating the sample to detect the contaminants. 

The methods of the present invention may be broadly applied and in particular 
5 may be applied to forensics and animal, plant and human nucleic acid testing. 

Brief Description of the Drawings 

Figure 1 depicts a gel electrophoresis of various PCR amplifications of 
uncontaminated and contaminated samples; and 

Figure 2 depicts a gel electrophoresis of another series of PCR amplifications of 
10 treated and untreated contaminated samples. 

Detailed description of the Invention 

The present invention provides a method of analysing a nucleic acid sample 
obtained from a site comprising the step of pretreating the sample to remove or 
inactivate contaminating nucleic acids originating from the site. 

15 For the purposes of the present invention the phrase "contaminating nucleic 
acid/s" is defined as nucleic acid that has been introduced to a site or a sample to 
confound future analysis of target nucleic acids present at the site or in the 
sample. The contaminating nucleic acid may be cell bound, free or substantially 
free from other cell components and may be deoxyribonucleic acid (DNA), 

20 ribonucleic acid (RNA), protein nucleic acid (PNA) or any other nucleic acid 
containing composition that is capable of detection during testing procedures. 

When the contaminating nucleic acid is free or substantially free from other cell 
components it may be in a form that is particularly well adapted for amplification 
via PCR or some other amplification process that is used in forensic analysis. 
25 One particular example of this type of contaminating nucleic acid is an amplicon 
derived from a PCR or another DNA amplification process and in particular a 
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degradation resent ampIi con that has been speedy designed to pars* at a 
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nucleic acids form surfaces such as DNA Zap, RNA Zap, DNA Free or RNA Free 
(Ambion Inc., Austin, Texas, USA). 

When the contaminating nucleic acids are free from other cell components then 
the pre-treatment may comprise contacting the sample with nucleic acid probes 
5 that preferentially bind to the contaminating nucleic acids and render them 
removable from the sample. This is particularly appropriate for the removal of 
contaminating nucleic acids in the form of PCR derived amplicons. 

Thus, the present invention also provides a method of analysing a nucleic acid 
sample obtained from a site comprising the step of contacting the sample with a 
1 0 nucleic acid probe that preferentially binds to the contaminating nucleic acids and 
renders them removable from the sample. 

The choice of probe is entirely dependent on the nature of the contaminant. 
However, it is envisaged that the most common contaminants will be derived from 
the commercially available forensic DNA test kits and in particular the positive 
15 controls that can be readily amplified via PCR. Ttius, the. probes may be 
designed to specifically hybridise to the amplification product of the positive 
control from a proprietary kit. In the event that a new contaminant is produced 
then it would be necessary to first characterise the contaminant to enable 
appropriate probes to be designed for use in the method. 

20 The nucleic acid probe may be labelled to aid in its removal from the sample. 
Suitable labels include biotin/streptavidin. 

In one particular form of the invention the contaminating nucleic acid bound to the 
labelled probe is removed through the use of a chromatography column adapted 
to specifically bind the label. 

25 When the contaminating nucleic acids are cell bound or otherwise cell associated 
in a way that prevents or hampers their removal or inactivation, such as if 
contained in bacterial cells, then additional pre-treatments may be required. For 
example, when the contaminating nucleic acids are contained within bacterial 
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cells, an additional step to selectively lyse the bacterial cells may be employed. 
Once the bacterial cells have been lysed the techniques discussed above could 
be used to complete the pre-treatment. Contaminants in the form of bacterial 
cells may also be removed by using a filter that selectively removes the bacterial 
5 cells from the sample. 

Once the sample has been pre-treated it can be treated according to standard 
techniques for nucleic acid analysis. Thus, the present invention also provides a 
method of analysing a nucleic acid sample obtained from a site comprising the 
steps of: 

10 (i) pre-treating the sample to remove or inactivate contaminating nucleic 
acids originating from the site; and 

(ii) characterising the target nucleic acids in the sample. 

The nucleic acids in the sample can be characterised by any one of a range of 
techniques that are presently in use in the field. These techniques generally 
15 involve isolating the target nucleic acid and then treating it such that it can be. 
conveniently characterised. These techniques and procedures are well known by 
those skilled in the art. 

The target nucleic acid may be isolated using standard extraction protocols that 
involve lysing the cells to free the nucleic acid and then separating the nucleic 

20 acid from other cellular material. Once isolated, to increase the amount of target 
nucleic acid, the target nucleic acid may be selectively amplified using PCR or 
some other technique that is able to replicate the target DNA to increase the 
amount available for further analysis. Once amplified the target nucleic acid can 
be visualised using gel electrophoresis. Proprietary DNA fingerprinting kits can 

25 also be used to perform this part of the method. 
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Screenjng Methods 

Rather than applying the method of the present invention to all samples taken for 
nucleic acid analysis, it may be preferred to screen samples for contamination 
prior to nucleic acid analysis. By applying this method, samples that have been 
5 contaminated can be identified and handled accordingly. 

Thus, the present invention also provides a method of screening a nucleic acid 
sample for contaminants that have been purposefully introduced into the sample, 
the method comprising the step of treating the sample to locate the contaminants. 

Various treatments may be applied to a sample to screen for contaminants 
10 including the use of a detectable probe designed to selectively hybridise to the 
contaminant. As indicated above, it is expected the most common contaminants 
will be sourced from commercial DNA analysis kits so the design of probes for this 
purpose will be routine to those skilled in the art. Alternatively, the wash 
solutions, filtrate, chromatography column eluate or other products resulting from 
15 the procedures used to remove potential contaminants could be tested for the 
presence of the contaminants. * " •■* 

t 

Databases 

The method of the present invention allows for the accurate identification of 
nucleic acids and counters the effects of contaminants that may have been 

20 introduced into a sample with a view to confounding their analysis. DNA 
fingerprint databases currently in existence include fingerprints that have been 
determined using methods that do not account for the potential problems of 
contamination. Given the possibility of contamination, the conclusions drawn from 
fingerprints in the current databases may be queried. This could be a particular 

25 problem in court proceedings where DNA fingerprint evidence has been used to 
identify a perpetrator. It is possible that DNA analysis performed with protocols 
that do not account for purposeful contamination may be held inadmissible. 
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Veterinary 



The method of the present invention may also be applied to the analysis of target 
nucleic acid obtained from animals. Thus, the present invention also provides a 
method of analysing a nucleic acid sample obtained from a site in the form of an 
5 animal comprising the step of pretreating the sample to remove or inactivate 
contaminating nucleic acids originating from the crime scene. 

Nucleic acid samples from animals are analysed for a wide range of purposes. 
Animals of a particular species or breed may be assessed by a potential buyer or 
breeder to confirm their genotype. Furthermore, commercial herds or products 
10 therefrom such as meat may require analysis to assess if they qualify for a 
government sponsored subsidy or that they meet certain regulatory requirements, 
such as GMO's or quarantine standards. In all of these situations there is a 
motive for a person to tamper with the samples for monetary or some other gain. 



15 The method of the present invention may also be applied to the analysis of target 
nucleic acid obtained from plants. Thus, the present invention also provides a 
method of analysing a nucleic acid sample obtained from a site in the form of a 
plant such as a seed comprising the step of pretreating the sample to remove or 
inactivate contaminating nucleic acids originating from the crime scene. 

20 Nucleic acid samples from plants are analysed for a wide range of purposes. 
Plants of a particular species or variety may be assessed by a potential buyer or 
breeder to confirm their genotype. Furthermore, commercial crops or products 
therefrom may require analysis to assess if they qualify for a government 
sponsored subsidy or that they meet certain regulatory requirements, such as 

25 GMO's or quarantine standards. In all of these situations there is a motive for a 
person to tamper with the samples for monetary or some other gain. 
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Parentage Testing 

The method of the present invention may also be applied to the analysis of target 
nucleic acid obtained from humans for assessing parentage. Thus, the present 
invention also provides a method of analysing a nucleic acid sample obtained 
5 from a site in the form of a human comprising the step of pretreating the sample to 
remove or inactivate contaminating nucleic acids originating from the crime scene. 

There are obvious motives for a person to tamper with a sample taken for 
assessment of parentage. Whilst the mechanics of tampering with samples for 
this purpose may be slightly for complicated, the method of the present invention 
1 0 also solves the problems that could lead to the abuse of this form of nucleic acid 
testing. 

The invention will now be described with reference to two examples. The 
description of the examples is in no way limiting on the more general -description 
of the invention in the preceding paragraphs. 

15 Examples 

Example 1 - Demonstration of PCR amplification of contaminating microsatellite 
PCR products during amplification of genomic DNA microsatellite loci. 

Materials and Methods: 

Template genomic DNA was isolated from muscle tissue of feral cat GD450. This 
20 cat carries alleles 25/21 at the locus FCA 69H (GenBank AF1 30500) carried by 
the cat chromosome B4. Genomic DNA was extracted from 4.5 mg of muscle 
tissue using the MasterPure™ DNA Purification Kit (Epicentre Technologies, 
Madison, Wl, US). The manufacturers recommended protocol for tissue 
extraction was followed with the exceptions that digestion of the tissue sample 
25 with Proteinase K was carried out overnight at 65°C and protein was pelleted by 
centrifugation.at 4°C. 
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Cat MV1 (alleles 25/11): allele 25 in common with GD450 
Cat MV4 (alleles 31/21): allele 21 In oommon with GD450 
5 cat MVS (alleles 27/11): no allele in common with GD450 

PCR oroducts were approximated to have a final 
The contaminant microsatellite PCR prooucre 

concentration of 50 ng/pl. 

Cat (Fe/fecafus).GenoQ3!^ 57(1), wieaun 

Hrinlna 1ul of GD450 genomic DNA and various dilutions of single 
Reactions containing 1ul of faiwou g . nreDare d as described in 

or mixed contaminant microsateilite PCR products were prepared 

Table 1. 




GD450 only" 
GD450 oniy" 



GD 450/MV5 n^e d protne" 
GD450/MVbm|^lPEofl!e_ 



l-iL WaU/IVIv^ !— 

R D450/MVfa mlxgd j?rofile_ 
— Amplificationjailure. 



Amplification^ ^ 



"Amplificatio n failure 
/amplification failure 
GD450/MV1/MV4/MV5 



profile 
Too much template 



No PNA Negative coniror 



Results 
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more cats MV1 , MV4, MVS (Table 1). r f 

DNA a.one generated the expected bands tor f 8 me QD450 

tn-pre^ceonow— ^^^^.^ 

impossible, to determine the correct GD450 profile- 

ln mUt.es conlalnln, «1 or «. — - - ^ £ 
14-19, respeetivety) the containment profile wa ev, ^ 

0- ^ - - — > « - - source - the 
10- 6 (Lanes 5, 6, and 17, 18, res P ect,V ^^ . , es (Lanes 12 and 

oonlaminanl .1 was -^^1^ ^ - 3. - PC* 
13). When all three contaminating prouu 
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product added) the amount of contaminant appeared to inhibit the PCR 
amplification (Lane 25) but at reduced concentrations (Lane 24) the profile 
consisted of a combination of the three individual profiles. In lane 24, the alleles 
(11 and 25) present in more than one template (MV1+MV5 and MV1+GD450, 
5 respectively) give stronger signals than alleles 31, 27, 21 present in only one 
template due to the presence of multiple products. 

These results clearly demonstrate that contaminating microsatellite PCR products 
are efficiently amplified during subsequent amplification for microsatellites from 
genomic DNA of cat GD450. In some of these mixtures subsequent PCR 

10 amplification resulted in a combination of the individual profiles such that the 
correct profile of test genomic DNA from cat GD450 is effectively masked. There 
is a clear relationship between the amount of contaminating microsatellite PCR 
product added to the genomic DNA and the amplification of the contaminant, with 
less contaminant resulting in reduced amplification . of the contaminant in 

15 subsequent PCR amplifications. The amount of contaminant required to achieve 
this masking effect is extremely small. The undiluted .contaminant had a 
concentration of approximately 50ng/|al. At a dilution of 10" 6 only 50 femtograms . ^ 
of PCR product was present. Since a typical PCR reaction would cBhtain 
approximately 1ng -100ng of genomic DNA it is clear that only trace amounts of 

20 contaminating PCR product are required to mask the genuine GD450 profile. 

Example 2 - Demonstration that contaminating microsatellite PCR products are 
extracted with genomic DNA and efficiently amplified during amplification of 
genomic DNA microsatellite loci. 

Materials and Methods 

25 Template genomic DNA was isolated from muscle tissue of feral cat. Genomic 
DNA was isolated from cat GD450 that scores 25/21 at the locus FCA 69H 
(GenBank AF1 30500) carried by the cat chromosome B4 or from feral cat MV5 
which gives 27/11 at the same locus. The contaminant for use in these 
experiments was produced by PCR amplification of selected microsatellite loci 
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from DNA of cat MVS and diiuted with water to give a fine, concentration o, 20 
ng/|JtK 

5 OBnen, 5..J. t / 98208656. 
Cat (Fe/is catos). Genomics 57 (1). 3 ™' eu 

genomic DNA - the cat 30.50 was e = e, J^^-J - — ^ 
w „h me MastarPura™ DNA Purification^t ^ Masterpure „ 

10 ' US) using the modKed P™^— » * ™ ^ phenol or chelex ™ 
pro v,ded a more stnngen. such as the AmpFISTR Profiier 

extraction methods recommended in foransrc K«s s 
Plus ™ Kit from Applied Biosystems and shouid resuit .n less carry 
contamination during the genomic DNA extraction procedure. 

15 Seven different reaction tubes were setup: 

L Tis sue(catGD450,aionefoo b fainnonconUm i na«edgenomicDNAprofiie 

2. 5 uldOOng) of cat MVS contaminant DNA alone 

3. Tissue (cat GD450) ♦ 5 ul (100ng) of MVS contaminant 

4. Tissue (cat GD450) ♦ 5 u, (100ng, of MV5 contaminant digested w«h Hae Hi 
20 (Promega) 

5 . Tissue (cat GD450, ♦ 5 u. (100ng) of MVS contaminant digested with DNAse , 
(Sigma) 

, - ris8U e(ca.GD4S0) + 5u,( 1 00n 9 )ofMVScontaminant t rea,edW,thDNAZap 
(Ambion) 
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7. T te s U e(oatGD450) + 5uH100n g ) O f^5contam.nantwashedwithv»ater. 

r-rvKO tissue and/or cat MV5 microsatellite 
,„ seven 1.5 ml microfuge tubes, cat GD450 hssue an 

PGR product contaminant were mixed and left ,n contact for mm 
PCRproau ofu[ther , rea tment was performed. In tube 4. 

temperature. . " promega Hae m restriotion „ (9 unit.) 
6 10X Promega Buffer B <3ul). u.ou a 

T^TJ^t^l a, OHAZap So,u«on 1 (10,, was added 
10 After approximately 10 seconds the bssu -samp. ^ 
tissue was then washed again with 2 x 1 ml of water. 

ln every tube, the integrity of the «ssue samples was Preserved following the 
15 treatments. - - 

treatmen, no tissue was left ^ ^ ^ an<J 160(U 

20 RNAse A and incubation at 37 C for 30 m,n. Technologies). The 

precipitate was palleted by centnfugabon at 10,000g to 
Supernatams were transferred into new tubes. 

Aft er addition of S00, of isopropano. and conjugation for 10 minutes, the DNA 
25 ^t was washed with 70 % BOH and rasuspended in 40„ of water. 



pr.R reactions 



19- 



„ 1 7 were used in individual PCR amplifications to detect 
Samples from tubes 1 -7 ™^J\*«o~ of individual microsatel.ite loci 
nY.crosatellite loci from cat GD450. Ampl.ficat.0 

,< ■„ either 10ul or 20ul reactions containing 1^1 ot tempi* 
were performed ,n eithe < W~J> ^ ^ of Menottl - 

acid solution from each of tubes flnnroximated to contain 2.5ng of 

^ *«iMQ99^ The 10ul reactions were approximateo too 
Raymond ef a/ (1999). The n ^ approximately 

contaminant (1/40 x 100ng) whilst the 20ul reactio 
10ng of contaminant (4 x 2.5ng). 

rfrtrm< ,H where 1ul of contaminant (20ng) was 
A PCR amplification control was performed where 

reamplified as above. 
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* *~ th* nresence of the substantially correct 

20 of spillage from adjacent lanes. 

In sampteS — — - cat CD450 ^™\^ o ^ b Z 

— — — W5 —rrooTao L^to^co^ 

amplified in these samples was added to cat QD4S ^ were 

25 eJacfio, the results show that contaminat,* > ™™^™> D *0. These 
e « extracted during fire isolation «W «-o ca 
PCR produotcontammantscou,, „. -P»«^ ^ when 100ng of 
for oat GD450 microsome loo. The results w contaminatlng 
contaminating microsatefiite was added to 4.5mg of tissue 



^ FOR P^ucts were ao.e to enfire* masK the g enuine cat GD450 
profile (eg: mixture samples). 

~»=^==== 

+ DNASS 1 " L T trr— used a,so comply removed 
) of GD450 bands suggesting that the treatment 

genomic DNA from the sample. 

♦ ♦ h that the removal of contaminating microsatellite PCR 

DNA extraction methods often used for M 
effective at removing contaminating mrcrosatellrte PCR produo 
22 *h.s study is not suUahie for inciusion in a DNA extracts K, 

20 Througho. the ^^ZZ^,^^ 
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